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TH E INCIDENCE OF DDS RESISTANCE IN LEPRm~ATOUS PATIENTS 

IN COSTA RICA: TH EI R METABOLIC DISPOSITION OF DDS 

1 SI 2 1 R' 3 J. H. Pe t ers, C. C.1epard, G. R. Gordon, A. V. oJas , 
and D. S. Elizond0 3 

Costa Rica is a small country of about 1.7 million people. It has 
a relatively prosperous a nd broad ly based economy, and there is little 
emigration . The incidence of l eprosy is low (on the order of 30 new 
patients a year) and the follow-up of the patients is unu s ually complete . 
About half the pati e nts are l e promatous and t'hey are followed for lif e . 
Wh e n sulfone therapy began in 1945 the chief drugs used were Promin, Dia
sane, and other conjugated s ulfones; since 1960, the chief drug has been 
dapsone (DDS). 

The clinical r ecord s arc complete and conveni ent, and they were rel
atively easy to search for pati e nt s with r elapse possibly due to DDS
resistant ~. l e prae . In March 1973, the r ecords of all patients admitted 
more than 7 years earlier were inspected and those patients who still h ad 
positive skin smears after 7 years of therapy were examined in more detail 
(uppe r half of Table 1) . Th e re were 16 patients who h ad definite increases 
in the numbe r of bac t e ri a from their sl(in smears in spite of apparently 
adequate therapy, a nd 8 patients who had definite increases during appar
ently inadequate therapy. In addition, there was one patient with a prob
able increase in bacteria during apparently ad e qutite therapy. 

TABLE 1. COSTA RICAN PATIENTS STUDIED 

Category Increase in BI Sulfone Therapy 
of 

No. 
Patients 

A Definite Adequate 16 
B DeUni te Inadequate 8 

C Probable Adequate l' 

- --r-- -
Category and Results of Mouse Inoculation 

No . of 
Patients No Sensitive to Re sistant to DDS 

Biopsi e d Growth . 0001 g% DDS .0001 g% .001 g% .01 

A, 14 1 3 
a 

2 5b 3 
B, 4 3 1 
C, 1 1 

Total 7 12 

a Results at . 001 and . 01 g% DDS not available for one strain. 

bTwO strains were partially resistant to . 01 g% DDS. 

g% 

lLife Scien=es Division, Stanford Research Institute, Menlo Park . 
2Center for Disease Control, PHS, USDHElV, Atlanta. 
3Departmen t of Leprosy Research, Sanatario Nacional de Las Mercedes, 

San Jose, Costa Rica . 
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As shown i n the lowe r h a l f of T a ble 1, biopsy specime n s fo r i noc 
ul ation of mice were o b tai n e d from 14 o f t h e patien t s i n category 1\. 

No growth i n mice is att r i but e d t o favo r a bl e r es pon s e of th e baci lli 
t o dru g in t h e patien t ' s ti ss ues a nd th~s on e pat i e nt of catego r y A 
i s consi dere d to Ha ve DDS - sen s it i v e ~. l e p rae . DDS-sen s i tive s tra ins 
we r e i so l ated f r om 3 pa ti e nt s and DDS-res i s t a nt stra ins f rom 10. Two 
patients in catego r y A r ef used b iopsy . One h a d shown a d e finit e in
crease in bacteria du rin g DDS the r a py a nd a dec r ease followin g s ubse 
que n t the r a py wi t h clofaz imine ; t h e oth e r s howed f urthe r d e t e ri o r a tion 
between Ma r c h 1973 a nd Ma r c h 197 5 . Thus, we con c lude d tha t these two 
patien ts h ad DDS-res i stan t di sease . 

Biopsy specimen s we r e obt a ine d f r om 4 of the 8 pa ti e n ts in c a t e 
gory B: Th re e i sol a t es s howed no g r owt h in the mi ce ; one was found 
t o b e DDS - re s istant. The one p a ti e nt of c at egor y C provid e d an i so 
l ate that was DDS-res i stant. 

In s umma r y , 7 pa ti e nt s were c o n s idered to h av e DDS-sensitive in
f ecti on s and 12 we r e DDS- res i s t ant. The t wo pa ti e nt s of cat egory A 
who r efused b iopsy we r e judged from l a t e r obse rv a tions to h a v e DDS
r es i stant infec ti on s , y i e lding a tot a l o f 14 DDS-res i s t ant c ases . 

Ta bl e 2 s hows that these 14 p a ti e nt s we r e a dmitt e d between 1941 
and 1955 . The time from the s t a r t of the r a py to r e l a pse r a nged from 
14 to 27 years ; th e t ime from the s t a rt of s ulfone th e r a py t o r e l a pse 
was 10 t o 24 year s . In both r a n ges , some o f the pati ent s did not r e 
c e ive t h e r apy f or several ye ars. Th e numbe r s in parentheses indicat e 
the two p a ti ent s who r e fu s ed biopsy. As shown, the DDS-res ist ant pa
tie nt s r e present e d 4.6% of all l e promatous pa tients admitt e d from . 1941 
to 1955, and 6 . 8% of the l e promatous patients admitted in those years 
and s till living in 1973. 

Thus, DDS-res ist a nce can be cons ide r e d a s e rious problem in Costa 
Rica but not a n ove r wh e lming one . It d emands immediat e a tt e ntion, 
howe v e r, be c a use the DDS-resistant s tra ins mus t be cons ide r e d to be 
full y infec tious . The pe rc e ntage inc ide nce of relapse due to sulfone 
r es i s t a n t M. l e prae in Cos ta Rica i s lower than that obs e rve d by Me ad e 
and cOll eagnes (1) for p a tients in Ma l aysia who st a rted treatment on 
sulphe trone a nd al s o lower than that report e d by Jacobson (2) for pa
tients at the PHS Hos pital at Carvill e , in the United St a t e s. Exact 
c ompa ri s on wi th the cite d reports i s difficult, howe ver, be caus e of 
uncertainty about the clinical clas s ification of the patients whe n 
the y st a rt e d s ulfone th e rapy . All patie nt s began sulfone therapy long 
b e fore the Ridl ey-Jopling clas s ifica tion came into the pi c ture and it 
i s dif f icul t n ow to know just what proportion of the patie nts in any 
of these s tudi e s would f a ll into ilL, BL/ LL, or LL groups , as recognize d 
today. 
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Table 2 

CHARACTERISTICS OF 14 PATIENTS WITH DDS-RESISTANT til. LEPME 

Yea r of admission: ' 41, '4G, ( '47), ' 48, ' 49, ' 49, '49, 
' 50, ' 50, '51, '53, '54, '54, ('55) 

Years from start of 14, 16, IG, .17, (18) , 19, 19, 
therapy to bacterial 20, 20, 21, 22, (23) , 26, 27 
r elapse: 

Year s of s ulfone 10, 12, 13, 13, 14, IG, (17 ), 
therapy before 18, 18, 19, 19, 21, (22) , 24 
bacterial r e l apse: 

Proportion of DDS-
r esistant patients in 

14 /303 4.6% total LL patients 
(1941-1955) : 

Proportion of DDS-
r esistant patients in 

14 /205 6.8% total LL patients 
living in 1973: 

Previously (3), we reported that leprosy patients harboring DDS
resistant M. leprae exhibited an abnormal distribution of acetylator 
phenotypes-and sic;nificantly faster plasma clearance rates of DDS than 
other groups of subjects . A recognized deficiency in those earlier 
studies was that the DDS-res istant group was comprised of patients of 
varied ethnic and racial origins and no matched control group was avail
able for comparison . In contrast to the above, Ellard et al. (4) did 
not observe an unusual distribution of acetylator phenotypes in Chinese 
patients with DDS-resistant leprosy. 

To examine more rigorously this problem of the metabolic charac
teristics of DDS-resistant patients, we studied the Costa Rican patie nts 
described above . The first ph ase of the current work involved the study 
of 21 lepromatous patients who had relapsed. This phase was completed 
before the re s ults of tests of the susceptibility of their M. leprae 
in mice were available . 

The pharmacologic testing involved determinations of the acetyla
tor phenotype with sulfamethazine (SMZ) and the disposition of DDS in 
patients as outline d in Table 3. 



146 ill!£' rll(Jli()llal .Io /lrllal o( r cpr(),I'.\' 

TalJl (. :3 

PIWTOCOL FOR STUDIES IN COSTA RI CAN PATIENTS 

Pretreatment: 

Patients withd r awn from all chemotherapy:'> clays before study . 

DDS test, Da y 1: 

50 mg DDS administerecl orally; hepa rinized blood sam pl e taken 
8 hI' after DDS . 

DDS te s t, Day 2: 

Blood samples taken at 24 and 32 hI' after DDS . 

DDS te s t, Day 3; SMZ test: 

Blood sample taken at 48 hI' after DDS. 
given: u rine coll ected during 0-6 hr; 
at 6 hI' after SMZ . 

Oral S~lZ ( 10 mg/kg) 
blood sample taken 

19 76 

Pretreatment: It was r equested that patients be withdrawn from all 
dru gs, incl uding aspirin, but excepting anti ovul atory d rugs, five 
d ays before the s tudy. 

DDS Test . Day 1: Orally administer 50 mg DDS in earl y a . m. and col 
l ect 10 ml hepar inized blood 8 hI' after admi nistration. After mix
ing and centrifugation, the plasma was separated and stored frozen. 

DDS Test, Day 2: Obtain pl asma samples as above, at 24 and 32 hI' 
after the DDS administration o n Day 1, and s tore th em froze n. 

DDS Test, Day 3; SMZ Test: Obtain pl asma sampl e , as above , 48 hI' 
after DDS administration on Da y 1, and store frozen. Imnediately 
thereafte r, orally admi ni ster 10 mg SMZ / kg in water. Collect urine 
dur ing 6 h I' after the dose of SMZ. Measure total urine volume and 
r ecord . Store a 50-ml sampl e frozen . At 6 hI' after SMZ admi ni stra
tion, collect a pl asma sample as above a nd store frozen . S pecimen s 
were s hipped frozen via air to our California laboratories . 

An alyses for SMZ and acetyl SMZ (AcSMZ) in pla sma and urin e sampl es 
were perfonned by procedures descr ibed previou s ly (5) . DDS and mono 
acetyl dapsone (~1ADDS) l evels in pl asma we re determined by rec e nt mo d i 
fi cations of our column c hromatog r a phi c-f luorometric methods described 
earlier (6) . 
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li s ~ ll olVn p revio \l ~ly i n Ta bl e ] ) t he mou se {'ooL P ~\( \ inol' \I1:ttj o n s 
s howed t h a t. 7 o f th e nOll -res ponciin g patient. s werc j ud ged to h ave ])1IS
~c n s j Li vc ~1 . J c prae a nd ]2 Lo havc DlJS- r esist:lnt. diseasl' . For ('01l1P:ll'
i SOll , we s uhseCjul' llL ly s t.ud ied 20 l e p romat o u s Cos t.a Rican p~lLient , s whose 
di scase was respond ing t o nDS t he r apy . 

The physic:l. l c haracte r istics of a ll pa t ien Ls stud ied a r c s h own in 
Ta bl e IJ . Li sted f i r st is the con t r ol g r o u p of pat i e nts res po nsive to 
DDS th c r apy . Those who had r e l a psed a r c d es i g n atcd no n -respond e r s ; 
t hey were s ub seCj ue n t l y s ubd i,v i d ed i n to t he 12 wi tll DDS-r esi s tant and 
t he 7 wi th ])))S- s e nsi Live i n fec ti o n s . Two 0 ] Lh e o ri gi n a1 [,roup of 11 0 11 -

r espond e r s d i d not pr ovi d e biopsy s pecimens . No signi f ica n t d if l' e ]'c n
ces we r c fu und i 11 t he d is Lr ibu t ion of sexes amo n )': t he f.', I" O U pS by the 
c h i -squ a r e t est using 2 X 2 conti n gency tn b les (7) . li s i nclic:ttcd) o n ly 
mi no r di f f e r e nces lI'ere noted i n ei th e r t he mea n age o r t h e mean !Jo cl y 
weight. o f t. hc vario us groups . 

Tab ] c IJ 

PlI YS I CAL CJjj\]L\CTERI STICS OF TilE COST/\ lUCAN PATI Ei\TS 

Non-,He s j)c)nr\c ' l's 
P a J' amc t e r Hcsponclers 

Tot n] 
lJll S - PI) :) -

H.( si st :l nt ~3 l . 11 ~ ; i t -i v c-
--

Nu mbe r 2 0 21 1 2 7 

Sex di s t r i bu t i o n 1F ; 16M 8f; 13M 61' ; 6M 2 F ; 5~1 

II ge ( y r )a 58 ± 3 IJ () J: 2 b 5 1 ± 4 4 "" ± 2b 

Bod y wei gh t ( k r; )0. 6 4 ± 3 55 ± 2 b 55 ± 4 5;-) :L 2 

BV a l ues a r e me an s ± SE . 

b , ' f' tl 1 (1) Sl gnl lcan . y ower < 0.0 5) t han th e mea n of t h e r espond e r s . 

Th e second column o f Ta bl e 5 present s th e r es ult. s o f ph eno t yping 
wit h SM/' . From t.h e percen tage ace t. y l a t ion o f th is dru g in p'! i1sma coJ 
l ec t e d 6 h r a f ter a dmin isLration , e:tc h f.', r o llp was r ead i l y d i f fe r e n Lia-
t e d into r a pid a nd s l ow nce t. y l alo l" s as s hown . Th e r e was no overl ap i n 
tb e va lu es f o r the two ph e lloty pes a nd eacb tes t of pe r cent age acetylation 
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of SMI', in Ll w (j-llr urine collcct ion ('()11 {'i l1lwc\ t 11(' re~ ul t s {'ound in 
plasma . For brevit y , th c urin a ry rcs u1l ~ hay ,' n()t ])('c n jnc lu ckd . TlI e 

l ast column s how s th e combinec\ mC;111 acetylat ion oj' ])IlS ;ll H, ~t1 . :12, 

197(, 

and IJH hI' after 50 mg DDS in these ]1 ;l ti ('nt s . /\s s howll, the sC'll\(':l n 
valu ec; also differc ntia tcd th e J'apjC\ {'ro\l\ the s low acc t y J :1 t.Ol' S, a]
th ough not s o drama t.i call y ;1S diel the S~lZ test. . AU mC;\IlS for r:1pi d 
acet y lat.o)' s were s i gnifi c:1nt.l y cliff c.:)'ent from those for slow :1cety]a 
tors . Usin g t.h e chi-squa r e te st. , we did not find a signifi ca nt eli.ffer
ence in t.h e di s tribuLion of acetylat.or ph e notype s among the r es ponel e r s , 
non-res p o nclcr s , DDS-res j s La nt and ])])S-sen s i tive g r ouv' . 

a 

C IIJ\JLI\CTEln ST J CS OF /\C1 ,: TYIJ\'l'ION OF S~iZ /\N]) ])])S IN COSTI\ 

IUCi\l, P,\TILl\']'S 

c' Acetylation in PI as\l1a" ," 
P atient G rou p 

of S~lZ of nos 

Res pondel' ~; (20 ) : 
Rapid ace t y] ,ll,o r s ( 11 ) 7G ., 3 :3H -- :3 

Slow ;lcct.)'l;lt O J'S eJ ) 27 _L 3 21 ± :3 

Non-responders (21) : 
Rapid [lccty l ators ( 11J ) 72 ~ 2 37 =- 2 -
Slow acct.ylators ( 7 ) 29 ~ 2 17 - 1 -- -

DD S -res i sUmt (1 2 ) : 
R[lpicl acet y1at. o r s (s) 74 -.! 2 39 -'- 2 -
Slow acetylato r s ( IJ ) 31 .,~ ] lS ~, 2 .-

l )]) ~) - sen c; j lj ve ( 7 ) 
Rapi d al',~ t y1 a Lo ]' s (Lj ) l,f-; ± 2 32 ± IJ 

Slow ;)cetyl a lor,; (3 ) 28 ± '1 IG 1: 1 

V:11ucs arc JHcans I SE . 

Othcr c h a r acte ri s t:ics of DDS di s pos ition a r C' s 1lOwn in Table G . In 
th:i s 1. a l>]c, th e ph e notypcs of Lhe V ~l l'jOU S i'TOUpc; are nut. Li s ted se par
at e l y \lc 'causc ph e ll(Jt y p L' Ila d no j.nfluc'nu' on t.]lC p:lr ;l lll ct.C ]" S lisL e d 1. n 
t.hi s l:lll ]C' . BCClllSC e acll pat.icnt J'e cei vc ' d :J() l!II'. ]JUS n :ganllc's :; of body 
Wei!~ ! lt, we hav e caJ CLl] ~ltccl weight. - a d,iustccl llllS jl];I~;lI! :l level s for ('om 
p ;)r:in g l c'vels jn t lIc varj(ju s t~ r()ups . No s :i [~njf.icant cliffc ' r c nce s WC1"e 



44 , I & :2 " ('{NS ('{ (//: j) OS f(CSi.\{([II C(' ill COS{([ Ric {[ 14lJ 

not e d b e twe e n th e lI\e :1l1 ] evel;; :-; hown l' e>1' a ll Y L',Ol il \)jn ;\l,jun of !', l' OUp S ,1 \ 8 ,. 
2t!) or t!S Itr ,l fL LT n]Js . Ti le 5:1111e J'l 'c; ul Ls Wl.! ]'C ()lJLlinL'd I']"elm <'v;1 1u;,\ ions 
of th e 32-h r pl :1S111:' lcvels) wllich :tl'C n oL s h()w]] . In d dd iLio]]) no CO ll-

s i stcnt c1jJI'c l't'llces we're 110ted in th e lile ;ln r;lLl'S o j' C] I':1)";111('\' (T j) 01' 

ci thcr DDS O J' fl\:'\ ])DS 1)'0111 t h c plrt sma i.n rt ll y of t h e ~l'OUps . Th e 5 1 i. g b \ l~' 

lOll f~C ), T~ val u c 1'0)" W\ DllS in thc t otal n on-l'l~;;p(lndcrs Vl'J';.;u s thc J' c;;pon 
d el'S we do no t consiclcl' \)iolo~i('rtl] y s i g ll ifi C;111 \ • The se l' c;;l llt S i.ncl:i.
caL c th a t th e toLal non-)"C's ponclin g g1'uup ) 01' i ts s ub g r o up s of ])J)S-1'CS i. 5 -
t a nt a nd DDS-sens .i.t ivC' p rtti.cni s, wc ),l' n o L difr el'ent from t h l' p;\licn\ s 
J'e;.;poncl i n g tu llDS l h crapy . 

1' ;:\) 1 l' (; 

CI]J\lli\ CJ'lm l S' ]' I CS OF ])1)S ])] S1'OS l 'I' 1 0N I N Till '; COS'I'}\ JUCi\ N ]Wrll';i\TS 

N () 11 .. ·R' 'SPO ll lil' 1'S 
;1 

P ara!l1ctcl' Hc s p 011ck l' s;1 j)])S- lJ])S-
To\ a] 

R" siCit.rt nt. S e n ;.; ] l i v(' 

Number 20 ~1 12 7 

We i p; ltt- :1 djll Citt' d 
ms 1) 1 as lt1 ~1 ] ('v('.I s 

(r-g/m1 mg / lq~ ) 

a t f{ It)' Cl . G:) ., 0.0 :) (l . ()(l .1 O.OJ O. G:) . ! 0, n ,] 0 , :, (; :1 O.OG 

a t 24 Itr 0 . 3t! O . O~ O.~;) .- 0.02 0 . 31-> .L O . OCl () . :51 I 0 , 0::; -- " 

at 1B Itr 0 .1 4 :.L 0. 02 0 ,1 5 :L 0 . 02 0 . 16 ± 0 . 02 0, Jt1 -- 0 . 0t! 

T~ of DDS (It)') 18 ± 1 20 :.L 1 20 ± 1 1 ~) :L 2 

T ~ of ~ll\))])S ( In' ) 19 :1: 1 22 :l. lb 22 :l: 1 2~ :l 3 

aYalu e;-; arc 111e:1 11 S ± SE , 

b 'C ' L1l ( lJ <OOr:) Si g n.l .llC,m . y 0 11 g(' ]' , ,J l h;ln Li te mea n 0 1 Lll e )'e.: s poncll'l' s . 

To asscss j)ossj bl e di ffe r cnces b eLwe.:c n t h ese pat icn Ls an d c,Llte r 
popul atio n s we h a d s Lud ied prev i o u s ] y ) we exam i.n e d tlte v ~lJ'i o u s cor r e
l ations s h own i n TabJe 7 . I\.s jn previuu s p opul ati on s , we fo und thaL 
acetyl at ion of S~\1. i n plasma a nd u rine ( ljnl' l ), and aceLylatio n of 
SMZ and Dj)S in plasma (linc 2) wc r e posj. Liv c1y ]'cLI \ c d; thaL a Cl' lyLl
tioJl of DDS a nd th e 'l' ~ of DDS ( li.11 e :l ) \Vc~ )'e l1nl'e];ltccl ; and, Lll a( t h e 
1'1 of DDS a l1d W\]I])S (l.inc 1) werl' jlo;.; iliv e.: l y r e 1a( e d. In the.:se.: l'CS ]wc t s ) 
the c u rre l1t Cos ta nj can g r o uj) f3 arc iril'11ti ca1 to Lh e.: group s ot }\ mc],jca n s) 
Africans, jo'j lipinos a nd South Inci ia n s we s tudi e d e:l l'l jCl' (8,~J )10) ll ) . 
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COl'l'C'] at iOll E X<lmi11 C: c\ I,, ',.; ]lon<l(' I' ''; 11llS- lJlJS-
T o t. ill 
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I) J " ~'lil:1 
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V!->. 1I1'j nt ' 

1\ (: (; I Y I ; I t i () 11 in pi asm; 1 : 
O.SJ~ o . ~) ~ Ci O . C) ,1.3 O . S~)3 

SIIIZ v,.; . Ims 

j\ cet y 1 ;1 l.j on of DDS 
0. 296:1 

a a a 

'J'~ of ])])S 
0,1131 o . ' 1 ~9 o . iJ (iO 

vs. 

T ~ : UIl S \'s. W\ 11llS O. ~lH2 O. (l51 O . ~)(;9 () . ~JS3 

H 
Co)'n'1 ali Oll nol si[!,ni fic;m l; all olher~; P ..-: 0 . (11 . 

1976 

The lllean T~ val u es of 18 to 20 hr for DDS i n al l Costa Hi c;;lll g r oups 

were n earl y id e nti caJ to the nlcan value of 21 In' fo und earlier in the 
DDS- r esist.an t p at i e n t.s of varied raci:11 and e tllll.i e or i g in s (3) . They 
are ,11 so sjgnili c;ml l y s horter th a n thc luean T~ V<llll(,S of 28 to 29 hr 
for the j\frican, Fil ipjno a nd Soulh Indian ref e ]'(: ncc g l'O\lpS pJ'cv io\l s l y 
r cported , Th e r casonS fo)' lhe se diff c )'ences i n c l earan ce arc not ap

parent. at. Lhi s Lim e . 

In con c ]ll s j()!1, thi s comparative slud y 01 Lh e ch:lracterislics of 
aceLylation ::In<l nDS di s pos L tiOll in n o n-res ponc\j ng ~n d )'esponC\jng Costa 
Rican p a t ic'nt s indicates that l ack oj' r es ponse 01' DDS re s:i s L ~ ln ce j s Ul1-

r e] ated to any of t h e metabolic p a r aille t c r s we h ave meas ure d. 
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